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DESCRIPTION 

METHOD FOR PATTERNING A SUBSTRATE SURFACE 

5 The present invention relates to a method for patterning a surface of a 

substrate with an ink. 

Traditionally, microscopic patterns of devices including electronic 
devices have been formed using lithographic steps involving masks to define 

10 these patterns on the substrates of the electronic devices. However, the 
production of masks is an expensive process, and with the downscaling of 
semiconductor feature sizes, as also predicted by Moore's Law, the patterns to 
be formed on the substrate have become increasingly complex, which usually 
resulted in the requirement of a larger number of masks, thus further 

15 increasing the production cost of the electronic devices. In addition, it is 
generally believed that the aforementioned traditional lithographic techniques 
have matured to such an extent that the further reduction of the feature sizes 
on the substrates of the electronic devices will be difficult to achieve with these 
techniques. 

20 Alternative techniques for patterning the substrates of the electronic 

devices have been developed in an attempt to limit the production cost of the 
devices as well as to allow for even smaller features to be defined on the 
substrates. An example of such a technique is disclosed in PCT patent 
application WO 02/085639 A1, in which an elastomeric stamp having a 

25 patterned surface of protruding features separated by cavities is exposed to a 
desired ink being dissolved in a polar solvent. Typically, a polar solvent having 
a low affinity with the elastomeric material is chosen, which results in the 
dewetting of the protruding stamp surfaces and the accumulation of the 
ink/solvent mixture in the cavities between the protruding regions of the stamp. 

30 After evaporation of the solvent, the contact surfaces of the protruding 

features of the stamp are brought into contact with the substrate and an ink 
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pattern is transferred to the substrate via the edges of the protruding features 
of the stamp. 

However, this particular technique has a number of disadvantages. The 
dewetting step can leave traces of the ink on the contact surfaces of the 
5 protruding features of the stamp, which can cause blurring of the features 
printed on the substrate. In addition, only a few hydrophilic ink solutions exhibit 
the desired dewetting behaviour on the stamp, which also limits applicability of 
this technique. 

10 The present invention seeks to provide a patterning method according 

to the opening paragraph that suffers less from these problems. 

According to an aspect of the present invention, there is provided a 
method for patterning a surface of a substrate with an ink, the method 

15 comprising the steps of providing an elastomeric stamp having a bulk surface 
and at least one feature protruding from the bulk surface, the protruding 
feature having a contact surface and an edge extending from the contact 
surface to the bulk surface, the protruding feature and the bulk surface 
carrying a barrier layer; applying a solution of the ink and a solvent to the 

20 barrier layer; removing the solvent from the barrier layer; providing a first 
substrate with a surface having a higher affinity for the ink than the barrier 
layer; contacting the contact surface of the protruding feature with the surface 
of the first substrate; transferring the ink from the contact surface of the 
protruding feature to the surface of the first substrate; removing the 

25 elastomeric stamp from the surface of the first substrate; providing a second 
substrate with a surface having a higher affinity for the ink than the barrier 
layer; contacting the contact surface of the protruding feature with the surface 
of the second substrate; and providing the surface of the second substrate 
with an ink pattern by transferring the ink from the edge of the protruding 

30 feature to the surface of the second substrate. 

The patterning method of the present invention has a number of 
advantages. First of all, because of the use of a barrier layer on the 
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elastomeric stamp, an ink cannot penetrate the stamp material, which allows 
for a large number of inks to be used with the patterning method of the present 
invention, because there is no risk that during the patterning of the second 
substrate ink will pass from the stamp to the surface of the second substrate 
5 via the contact surface of the protruding feature. 

At this point, it is emphasized that an elastomeric stamp having a 
modified surface layer is known per se; for instance, an elastomeric stamp 
made of polydimethylsiloxane (PDMS) with a layer of oxidized PDMS on its 
surfaces is known from the US patent application US 2002/0098364 as well as 

10 from the Journal of Colloid and Interface Science, vol. 254, page 306 (2002). 
However, these stamps have been developed for use in the field of 
microcontact printing, where the ink is transferred from the contact surface of 
the protruding feature to the surface of the substrate, with the stamp surface 
being modified to improve the compatibility of the stamp surface with the ink. 

15 Langmuir, volume 19, pages 5475-5483 (2003), discloses a PDMS stamp 
having an oxidized surface layer acting as a barrier layer to prevent the 
diffusion from low-weight PDMS oligomers from the stamp material to the 
surface of the substrate, to avoid significant pollution of the self-assembled 
monolayer (SAM) of ink molecules on the surface of the substrate, which can 

20 deteriorate the properties of the SAM, as for instance has been reported in 
Langmuir, vol. 18, pages 1518-1527 (2002). 

However, it is emphasized that the present invention is partly based on 
the realization that a modified surface layer can also act as a barrier layer 
preventing the ink molecules from penetrating the stamp material on the 

25 timescales of the substrate patterning process, which is a realization that has 
not been made in the aforementioned prior art documents. Furthermore, it 
should be appreciated by those skilled in the art that in the method of the 
present invention such a stamp, i.e., a stamp having a modified surface layer, 
is being used in a different way than in case of the prior art methods, because 

30 the stamp is being used to transfer the ink pattern to the surface of the 
substrate from the edge of a protruding feature rather than from the contact 
surface of the protruding feature. 
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A further advantage of the patterning method of the present invention is 
that it does not have to rely on a dewetting step to clear the ink of the contact 
surface of the protruding feature, which has a limiting effect on the applicability 
of such a patterning method. Also, it is known from Langmuir, vol. 18, page 
5 7029 (2002) that in order for such a dewetting step to be successful, the 
contact surface of a protruding feature should not exceed a width of 2 micron, 
which puts a severe constraint on the pattern design for such a stamp. 
Instead, according to the present invention, the ink is removed from the 
contact surface of a protruding feature in an initial printing step. This has the 
io advantage that a larger number of solvents to dissolve the ink can be used, 
because the solvent does not need to have certain dewetting characteristics 
when brought in contact with the surface of the stamp, and that protruding 
features having widths exceeding 2 micron can be used, thus making the 
patterning method of the present invention more versatile than the one 
15 disclosed in PCT patent application WO 02/085639 A1 . 

In an embodiment, the method further comprises the step of removing a 
part of the surface of the second substrate, the part being defined by the ink 
pattern. In this step, which may comprise an etching step, either the part of the 
substrate that is uncovered by the ink pattern or the part of the substrate that 
20 is covered by the ink pattern is removed to fixate a predefined pattern in the 
substrate surface, in which case the other part of the substrate surface may be 
protected by a SAM having a higher etch resistance. The method of the 
present invention can for instance be used in the production of an electronic 
device to define some of the features of such a device, e.g., conductive tracks. 
25 However, it is emphasized that the ink pattern on the substrate surface may 
also serve a different purpose, e.g., as a first layer of a multi-layer structure to 
be formed on the substrate surface. 

The invention is described in more detail and by way of non-limiting 
30 examples with reference to the accompanying drawings, wherein: 
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Fig. 1a-h depict an embodiment of the method of patterning a substrate 
with an elastomeric stamp according to the present invention. 

It should be understood that the Figures are merely schematic and are 
5 not drawn to scale. 

According to a first step of the method of the invention, an elastomeric 
stamp 10 as depicted in Fig. 1a is provided. The elastomeric stamp 10 has a 
protruding feature 14 and a further protruding feature 14', which extend from a 
bulk surface 12 of the elastomeric stamp 10. The protruding feature 14 has a 
io contact surface 16 and edges 18 extending from the contact surface 16 to the 
bulk surface 12, whereas the further protruding feature 14' has a contact 
surface 16' and edges 18' extending from the contact surface 16' to the bulk 
surface 12. The bulk surface 12, the edges 14 and 14' and the contact 
surfaces 16 and 16' are covered by a barrier layer 20, which is impermeable 
15 for the inks to be used on the elastomeric stamp 10. The further surfaces 22 
and 24 of the elastomeric stamp 10 may also be covered by this barrier layer, 
although this is not necessary. The protruding feature 16 and the further 
protruding feature 16* define the shape of the pattern to be printed on the 
surface of a substrate. 
20 The elastomeric stamp 10 may be formed by known production 

techniques, e.g., moulding of an elastomeric material such as PDMS in a 
preformed master. The barrier layer 20 may be formed by known techniques, 
e.g., modification of the PDMS as disclosed in the US patent application US 
2002/0098364 and the Journal of Colloid and Interface Science, 254, page 
25 306 (2002). However, other methods, for instance in which a separate barrier 
layer 20 is deposited on the aforementioned surfaces of the elastomeric stamp 
10, are equally feasible. 

A next step of the method of the present invention is shown in Fig. 1b. A 
solution of a solvent 30 and an ink 32 is deposited over the barrier layer 20 of 
30 the elastomeric stamp 10, after which the solvent 30 is removed by drying the 
elastomeric stamp 10, e.g., in a N 2 flow, thus yielding an elastomeric stamp 10 
having a layer of ink molecules 32 adhered to the barrier layer 20, as shown in 
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Fig. 1c. Due to the fact that the barrier layer 20 prevents the penetration of the 
ink molecules into the elastomeric material of the elastomeric stamp 10, a 
large number of inks with varying properties can be used. In particular, thiol- 
based hydrophobic inks may be used, which have the advantageous property 
5 of yielding well-defined patterns on a substrate surface due to the fact that 
these inks do not suffer from excessive spreading, in contrast to hydrophilic 
inks. 

It is emphasized that the use of such hydrophobic inks is prohibited in 
the patterning method disclosed in disclosed in PCT patent application WO 
10 02/085639 A1, because such inks have a high affinity with hydrophobic 
elastomeric materials such as PDMS. Consequently, a substantial fraction of 
the inks is absorbed in the elastomeric stamp. Not only does this mean that 
larger amounts of ink have to be used to establish a sufficient amount of ink on 
the edges of the stamp, but the diffusion of ink from the stamp material during 
15 the patterning of a substrate surface having a high affinity with the ink to said 
surface causes unwanted blurring of the printed patterns. 

An additional advantage of using an elastomeric stamp 10 having a 
barrier layer 20 is that, due to the absence of the absorption of some of the ink 
molecules 32 into the elastomeric stamp 10, the ink concentration in the ink 
20 solution can be accurately tuned to establish the desired amount of ink that 
remains on the barrier layer 20 after removing the solvent 30. This is 
important, because good control over the amount of ink molecules 32 on the 
barrier surface 20 improves the quality of the pattern to be defined on the 
surface of a substrate, i.e., the resolution of the pattern features. 
25 In a next step, the contact surfaces 16 and 16' of the protruding 

features 14 and 14* of the elastomeric stamp 10 are placed on a substrate 40 
having a surface 42, as shown in Fig. 1d. The surface 42, which may include a 
separate layer formed of a suitable coinage metal including noble metals such 
as gold, has a higher affinity with the ink molecules 32 than the barrier layer 20 
30 has. Consequently, the ink molecules 32 at the contact surfaces 16 and 16' 
are being transferred from the contact surfaces 16' and 16' to the surface 42, 
thus yielding an elastomeric stamp 10 that no longer carries ink molecules 32 
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adhered to the barrier layer 20 on the contact surfaces 16 and 16\ but only on 
the barrier layer 20 over the edges 18 and 18' as well as over the bulk surface 
12, as shown in Fig. 1e. 

Due to the fact that in the method of the present invention no dewetting 
5 step is required to remove the ink molecules 32 from the contact surfaces 16 
and 16', a wider variety of solvents 30 can be used to dissolve the ink 
molecules 32, making the patterning method of the present invention more 
versatile than the method disclosed in PCT patent application WO 02/085639 
A1. Also, the removal of ink molecules 32 by bringing the contact surfaces 16 
10 and 16' into contact with a surface 42 having a high affinity for the ink 
molecules 32 is very a effective way of clearing the ink molecules 32 of the 
contact surfaces 16 and 16\ which is advantageous because residual ink 
molecules 32 on these surfaces can cause blurring of the pattern to be printed, 
which is effectively avoided. 
15 It is pointed out that an increase in the contact time between the contact 

surfaces 16 and 16* of the elastomeric stamp 10 and the surface 42 will result 
in the transfer of an increasing fraction of the ink molecules 32 from the edges 
18 and 18' to the surface 42. This can be utilized to further control the amount 
of ink molecules 32 that remain at the elastomeric stamp 10, which is 
20 advantageous in terms of pattern definition quality, as previously explained. 

In a next step, which is depicted in Fig. 1f, the contact surfaces 16 and 
16' of the protruding features 14 and 14' of the elastomeric stamp 10 are 
placed on a second substrate 50 having a surface 52. Like the surface 42, the 
surface 52 may be a separate layer formed of a suitable coinage metal 
25 including noble metals such as gold, and has a higher affinity with the ink 
molecules 32 than the barrier layer 20 has. The ink molecules 32 are 
transferred from the barrier layer 20 on the edges 18 and 18' of the 
elastomeric stamp 10 to the surface 52 as indicated by the vertical arrows. 
The contact time between the elastomeric stamp 10 and the surface 52 
30 can be used to determine the amount of ink molecules 32 that will be 
transferred from the edges 18 and 18' of the elastomeric stamp 10 to the 
surface 52. Also, increasing this contact time will increase the lateral 
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movement of the ink molecules 32 over the surface 52, as indicated by the 
horizontal arrows. The physical properties of the ink also play an important role 
in this process; a hydrophobic ink such as octadecanethiol typically spreads 
relatively slow over the surface 52, whereas a hydrophilic ink such as 11- 

5 mercaptoundecanoic acid spreads relatively fast over the surface 52. To 
suppress the gas phase diffusion of the ink molecules 32 from the bulk surface 
12 of the elastomeric stamp 10 to the surface 52, high boiling inks may be 
used. Alternatively, the bulk surface 12 may be kept away far enough from the 
surface 52, e.g., 300 nm, to limit the effect of gas phase diffusion from the bulk 

10 surface 12. 

Upon removal of the elastomeric stamp 10 from the surface 52, as 
shown in Fig. 1g, the desired pattern 60 of ink molecules 32 is adhered to the 
surface 52 of the substrate 50, as shown in Fig. 1h. The pattern 60 includes 
square 'hollow 1 features having a border of ink molecules 32 around an 

15 uncovered area 62 and 62' of the surface 52. The uncovered areas 62 and 62' 
are the areas where the contact surfaces 16 and 16' of the respective 
protruding features 14 and 14' rested on the surface 52. The area 64 of the 
surface 52 was facing the bulk surface 12 of the elastomeric stamp 10 
between the protruding features 14 and 14' during the patterning of the 

20 substrate 50. 

The area 64 is uncovered by ink molecules 32 by way of non-limiting 
example only; it will be appreciated by those skilled in the art that a longer 
contact time between the elastomeric stamp 10 and the surface 52 of the 
substrate 50 will increase the lateral movement of ink molecules 32 over the 

25 surface 52, which for instance will lead to the partial or complete coverage of 
the area 64. Thus, both hollow and filled structures can be defined with the 
patterning method of the present invention. Furthermore, it will be appreciated 
by those skilled in the art that the pattern features are not limited to a 
rectangular shapes; other shapes such as circular shapes or linear shapes are 

30 equally feasible. 

The printing method of the present invention facilitates the deposition 
of a wide variety of SAM patterns with resolutions in the submicron domain, 
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e.g., a few hundred nanometers. Such a SAM pattern may be used to act as a 
resist in a subsequent etching step. Alternatively, the SAM pattern may be 
used to act as a mask in a subsequent etch resist deposition step, after which 
the SAM and underlying layers are removed in a subsequent etch step. The 

5 SAM pattern may also be used as an anchor for the formation of a multi-layer 
structure on the substrate surface 52, which may be achieved by chemical 
reaction or physical interaction of the SAM with subsequently deposited 
materials on top of the SAM. 

A subsequent etching step may be performed using known etching 

10 techniques; for instance, in the case of a surface 52 comprising a gold layer 
carrying a thiol-based SAM acting as a wet etch resist, an etching bath 
composition as disclosed in Langmuir, 18, 2374-2377 (2002), containing 1M 
KOH, 0.1 M KzSOs, 0.01 M K 3 Fe(CN) 6 , and 0.001 M K 4 Fe(CN) 6 in water half 
saturated with n-octanol, may be used. 

15 It should be noted that the above-mentioned embodiments illustrate 

rather than limit the invention, and that those skilled in the art will be able to 
design many alternative embodiments without departing from the scope of the 
appended claims. In the claims, any reference signs placed between 
parentheses shall not be construed as limiting the claim. The word 

20 "comprising" does not exclude the presence of elements or steps other than 
those listed in a claim. The word "a" or "an" preceding an element does not 
exclude the presence of a plurality of such elements. The mere fact that 
certain measures are recited in mutually different dependent claims does not 
indicate that a combination of these measures cannot be used to advantage. 

25 



